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Neural crest precursors generate diverse cell lineages during development, which have been proposed to
arise either from multipotent precursor cells or pools of heterogeneous, restricted progenitors. Now in Cell
Stem Cell, Baggiolini et al. (2015) perform rigorous in vivo lineage tracing to show that individual neural crest
precursors are multipotent.Neural crest cells have the remarkable
capacity to generate a broad array of
cell types, including ganglia of the periph-
eral nervous system and multiple mesen-
chymal derivatives. While neural crest
cells initially arise within the central ner-
vous system, they possess extensive
migratory capacity and populate diverse
and sometimes distant sites, where they
differentiate into a range of cell types
including neurons, glia, and pigment
cells.
There has been a long-standing debate
centered around the question of whether
newly formed neural crest cells are multi-
potent stem cells or simply a mixture of
restricted progenitors, each fated to
contribute to a particular structure
(Figure 1). In the first scenario, ‘‘premigra-
tory’’ neural crest cells within the neural
tube are thought to have the ability to as-
sume several, and perhaps all, possible
fates attributed to the neural crest, and
are thus multipotent. In the alternative
view, multipotency of the neural crest
reflects a heterogeneous population of in-
dividual precursors that are already
restricted to particular fates, prior to their
emigration from the neural tube. Over
the past three decades, a number of ap-
proaches for cell lineage analysis have
been used to address this question in
several vertebrate models, most notably
chick and zebrafish. However, conflicting
interpretations of the results have flamed
rather than resolved the controversy.
In this issue ofCell StemCell, Baggiolini
and colleagues (2015) revisit this long-
standing question in the mouse embryo.
The authors take advantage of innovative
lineage tracing techniques made possible
by coupling ‘‘confetti’’ mouse technology
with conditional transgenic lines that spe-cifically label neural crest cells at either
premigratory or early migrating stages.
This approach labels single neural crest
cells with one of ten distinct colors,
enabling tracing and identification of their
progeny. Through careful quantitative
analysis at two developmental stages,
the authors convincingly show that the
vast majority of neural crest clones
contribute to multiple sites and cell types
in the trunk and spinal cord of the mouse
embryo. Most clones generate progeny
that contribute to a combination of sites,
for example by contributing to neurons
and glia of both the dorsal root and sym-
pathetic ganglia, as well as Schwann cell
precursors populating the ventral root.
Single clones sometimes give rise to not
only neurons and glia, but also melano-
cyte precursor along the dorsolateral
pathway underneath the ectoderm. Bag-
giolini et al. further show that, even within
individual dorsal root ganglia, progeny of
single clones formed both neuronal and
non-neuronal cell types. Interestingly,
the degree of multipotency appeared to
be similar for clones labeled at premigra-
tory stages, using Wnt1-cre, as those
that were labeled after emigration from
the neural tube, labeled with Sox10-cre.
Thus, the results definitively show that
both premigratory and early migrating
neural crest precursors are multipotent,
with the ability to populate distinct
anatomical structures and contribute to
diverse cell types in mammalian embryos.
The results of Baggiolini and colleagues
in mice are strikingly similar to those
uncovered by microinjection of lineage
tracers into individual neural crest precur-
sors in vivo in avian embryos (Bronner-
Fraser and Fraser, 1988, 1989). However,
these previous studies were limited due toCell Stem Cellthe technical challenges of intracellular
injection of living embryos and the paucity
of differentiation markers available at that
time. Clonal analysis in vitro also sup-
ported the concept that many neural crest
cells were multipotent in both birds (Bar-
offio et al., 1988; Dupin et al., 2010) and
mice (Stemple and Anderson, 1992), but
the artificial culture conditions could argu-
ably have affected the developmental po-
tential of the precursor cells.
In contrast to these studies supporting
theexistence of bonafidemultipotent neu-
ral crest progenitors, several studies pur-
ported that theneural crestwascomprised
of heterogeneous populationsof restricted
progenitor cells (Henion and Weston,
1997; Luo et al., 2003). For example, vital
dye electroporation of a GFP reporter into
small populations of premigratory avian
neural crest cells concluded that their fates
were determined by their position within,
and time of emigration from, the neural
tube (Krispin et al., 2010). However, repeti-
tion of these experiments using photocon-
vertible fluorescent proteins in small
groups of cells instead suggested that
neural crest cells could generate multiple
differentiated cell types in distinct struc-
tures, regardless of their location within
the neural tube or time of emigration
(McKinney et al., 2013). Perhaps technical
difficulties and experimental differences in
approach account for the discrepancies
observed in these previous studies when
examining the developmental potential of
individual or small groups of neural crest
cells. In contrast, theuseofelegantgenetic
labeling in the present study circumvents
the need for surgical or other experimental
intervention and enables examination of
multiple clones in single embryos in a
quantitative and non-invasive fashion.16, March 5, 2015 ª2015 Elsevier Inc. 217
Figure 1. Schematic Diagram Illustrating Two Possible Scenarios to Explain the Ability of
Premigratory Neural Crest Cells to Contribute to Diverse Cell Types and Structures
Left: Individual premigratory neural crest cells within the dorsal neural tube (NT) may be multipotent, with
the ability to contribute to numerous different cell types in diverse locations. These include neurons (blue)
and glia (green) of the dorsal root ganglia (DRG) and sympathetic ganglia (SG); Schwann cells (yellow) of
the ventral root (VR); and melanocytes (red) along the dorsolateral pathway (DLP). The multipotent cells
migrate to diverse sites and differentiate into appropriate cell types in response to local environmental
cues. Right: Alternatively, unipotent premigratory neural crest cells may be a mixture of restricted precur-
sors, each destined to form a single cell type. They then migrate to appropriate sites and differentiate
according to their predetermined fates (drawing by Paige O’Connell).
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analysis of the sort described here can
provide information only on the observed
fates of individually labeled precursor
cells. Thus, the fates assumed by their
progeny measure the ‘‘lower limit’’ of the
initial precursor cell’s potential, whose
full multipotent capacity can only be
tested by exposing the same precursor
to diverse environments. While the pre-
sent study elegantly reveals multipotency
of the vast majority of neural crest cells,
one cannot assume that the clones that
generate only a single cell lineage are
restricted solely to that fate. As a case in218 Cell Stem Cell 16, March 5, 2015 ª2015point, the authors found that those clones
with progeny in a single anatomical struc-
ture often gave rise to both neurons and
glia. Thus, the adoption of multiple and
varied fates by trunk neural crest cells is
similar to the behavior of other vertebrate
stem cells.
Whereas the present study examined
the multipotency of neural crest cells
arising at spinal cord levels, there are
several distinct populations of neural
crest cells that arise along the body axis
and contribute to additional cell types
that are absent at the trunk level analyzed
by Baggiolini et al. For example, cranialElsevier Inc.neural crest cells emerge from the neural
tube from caudal forebrain to hindbrain
levels and populate not only cranial
ganglia, but also much of the frontonasal
process, neck region, and tissues sur-
rounding the eyes, ears, and nose. Similar
to their counterparts in the trunk, cranial
neural crest contributes to sensory neu-
rons, glia, Schwann cells, and melano-
cytes, but it additionally forms smooth
muscle and much of the craniofacial skel-
eton. Thus, as suggested by in vitro clonal
analyses (Dupin et al., 2010), applying the
types of lineage analysis employed here
to other axial levels could answer the
intriguing question of whether a single
cranial neural crest cell in vivo can
form cartilage, bone, neurons, glia, and
pigment cells, reflecting an even broader
multipotency.
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